Abstract-This paper proposes a method for suppressing the sidelobe of a modulated surface antenna in a given direction. It is based on synthesizing two beams, one pointing at the desired direction, and the other at the interfering direction, so that this second has the same amplitude as the sidelobe that must be suppressed and it presents a 180º phase shift. A one-dimension modulated surface reactance antenna is designed and sidelobe reductions of 14.5 dB and above 8 dB are shown in simulations and measurements, respectively.
I. INTRODUCTION
In modulated surface reactance antennas (MSRAs), a surface wave excited by the feed interacts with a surface reactance modulation, created by a particular pattern of subwavelength radiators, in order to form a leaky wave antenna synthesizing high gain beams in the far field. This feeding mechanism makes MSRA a low cost alternative to traditional phased arrays, since they do not need complex beamforming networks, and at the same time, a low profile alternative to reflector antennas. MSRAs have been proposed in both one-dimensional (1D) [1, 2] and two-dimensional (2D) configurations [3, 4] . However, 1D MSRAs, similarly to other leaky-wave antennas, are affected by large sidelobe levels [1] . This is not necessary the case of 2-D solutions, but certain applications, such as cellular backhaul in dense deployments would still require reducing the sidelobe level in a certain direction due to the close proximity of an interferer. Some techniques have been proposed for an arbitrary control of the sidelobe levels in other leaky-wave antenna technologies [5, 6] , but they have not been applied to MSRAs. Therefore, this paper investigates a sidelobe suppression technique in a given direction based on cancelling the desired sidelobe by adding and out of phase beam of the same gain. The technique is very similar to the one proposed in [6] , but this last does not directly addresses a MRSA since it considers a waveguide feeding. Besides, reference [6] treats the problem from the point of view of the superposition of controls of a reconfigurable antenna, but it does not give a clear view about how these controls translate in surface reactances or in any other property of the metasurface. Since it addresses a reconfigurable solution, it is able to optimize iteratively the sidelobe suppression using measured radiation patterns. In contrast, here we address a non-reconfigurable design, so the sidelobe suppression is optimized in simulation. This allows showing that the method is also quite robust to inaccuracies on the simulated sidelobe levels.
II. SIDELOBE SUPRESSION METHOD
Arbitrary multi-beam MSRAs can be synthesized designing the modulated surface reactance as the interference pattern between the surface wave ( ) excited by the feed and the superposition of the fields required at the surface to create each far field beams ( , ), i.e. the steering vectors to the desired angles [2] . Therefore, the required surface impedance can be expressed as [2] 
where η is the free space impedance; X is the normalized average reactance of the modulated surface; M is the index of modulation; N is the total number of desired beams; ai is the amplitude coefficient of beam i; k is the wave number; (θi, ϕi) are the angular components of beam i; (xf, yf) is the position of the feed and = √1 + 2 the refractive index of the surface.
In order to suppress the sidelobe in a given direction, we need to create a dual-beam metasurface so that, one beam points to the desired direction, while the other is used to cancel out the radiation of the desired beam in the direction of the interferer. Therefore, the superposed required field at the antenna surface, i.e the summation in (1), can be expressed as
where subscripts d and i stand for desired and interferer angles. The problem is thus translated in finding the value of α that makes the gains of the beam produced by the first and second terms of (4) equals at the interferer angle; and the value of the phase β that produces a 180° phase difference between the two beams at the interferer angle. One possibility is to simulate separately two single-beam antennas, one pointing at the desired location and the other at the interferer, and extract α and β from them. However, such a procedure produces poor results since the interactions between the two beams when they are implemented in the same aperture greatly affect the extracted parameters. Therefore, iterative optimization procedures such as the one proposed in [6] are required. Here a simple yet flexible random search algorithm is used [7] .
III. ANTENNA DESIGN SIMULATION AND MEASUREMENTS
In order to demonstrate the sidelobe suppression, a 1D single beam MSRA is first designed following the method described in [1] [2] and used as a reference antenna. As depicted in Fig. 1 , it consist of 80 λ/10 elements based on a small gap between two metal strips over a grounded Arlon AD1000 substrate with thickness 1.27 mm. Changing the size of the gaps allows implementing the desired surface reactance. The operating frequency is set to 18 GHz, the beam is directed towards 28º, X is set to 1.8 and the distribution of M is the same as in [2] , i.e. it is optimized for improving the antenna gain. Fig. 2 shows the simulated (Ansys HFSS) and measured radiation patterns. It can be observed that the measured pattern is shifted -4º with respect to the simulations, probably because of misalignments in the measurement process. In addition, there are some discrepancies on the level of sidelobes due to precision of the simulation, since the available RAM for performing it was limited. However, after compensating the -4º shift, it is clear that the maximum sidelobe level in both cases is located at θi=-4º. Therefore, a MATLAB-HFSS cosimulation is performed in order to obtain the parameters α and β in (4) that a null at θi=-4º for suppressing this sidelobe. The random search algorithm produced good results for α=0.8 and β=-18°. Fig. 3 and 4 show the comparison of the reference antenna and the sidelobe suppression antenna for both, simulations and measurements. The curve of the measured reference antenna is artificially shifted 4° in order to compensate for the observed angular shift. In simulations, the gain at θi=-4° is reduced by 14.5 dB while the main beam gain is negligibly affected. In the measurement, the gain reduction still is of 10.45 dB whereas the main beam gain is only reduced by 2.4 dB. Therefore, the feasibility of the method is demonstrated despite the discrepancies between simulations and measurements in the sidelobe ranges. 
